Introduction
Although congenital 'agammaglobulinemia' has been shown to be an X-linked heritable disorder [31, 42] , no genetic basis has been established in primary acquired hypogammaglobulinemia or in selective immunoglobulin deficiency states. A genetic influence is strongly implicated in acquired hypogammaglobulinemia by FUDENBERG et al. [25] , WOLF [67] and WOL-HEIM et al. [69, 70] , who found familial immunologic abnormalities in a number of cases of acquired hypogammaglobulinemia. CHARACHE et al. [14] and BUR-TON et al. [12] reported acquired hypogammaglobulinemia in brothers. The possible influence of environmental factors was raised by ROBBINS et al. [55] who, in documenting acquired hypogammaglobulinemia in a five-year-old girl, proposed that repeated severe infections may be causally related to the induction of immunologic deficiency and cited data from animal experimentation supporting such a mechanism [7, 22, 47] .
The present report describes the clinical and immunologic findings in three brothers with three different types of immunoglobulin deficiency syndromes: apparent congenital 'agammaglobulinemia', acquired hypogammaglobulinemia and a previously undescribed type of selective immunoglobulin deficiency. In addition, the mother of these three boys had a marked polyclonal IgA hyperglobulinemia and a defect in specific immunologic responsiveness. These findings provide direct evidence for a genetic influence in the development of some forms of acquired immunologic deficiency.
Case Reports Case 1
The first child of this family (C. B.) was born March 1, 1949 . He developed pertussis in early infancy; for several years thereafter he had recurrent bronchitis. His tonsils and adenoids were removed when he was six years of age, after which time he had increasingly severe and frequent infections, usually involving the ears and lower respiratory tract. Four episodes of acute pneumonia occurred at seven, ten and eleven years of age. He contracted measles at the age of six years and chickenpox at the age of seven years; both were mild and uncomplicated. When the patient was seven years of age, the first serum sample was obtained for electrophoretic examination. It was reported to show low or absent gamma globulins, whereupon a series of gamma globulin injections were administered. After several years of such treatment, systemic reactions (chills and fever) followed each injection of gamma globulin. He was first seen at the Duke University Medical Center in July, 1963, attheageof 14'/ 2 years. He was small, thin and appeared to be chronically ill, with substernal retraction, flaring of the alae nasae, clubbing of the fingers, cyanosis and scarring of the tympanic membranes. There was an increase in the anteroposterior diameter of the chest, and dry, crepitant rales were heard over the entire right lung field. At that time, examination of the serum by immunoelectrophoresis revealed findings compatible with a diagnosis of'agammaglobulinemia' (table I) . In November, 1964, at the age of 15 s / 12 years, he developed fever and acute respiratory distress which led to his demise. At necropsy there was widespread bilateral bronchopneumonia. The thymus gland appeared morphologically normal and the bone marrow was hyperplastic.
Case 2
The second child of this family (K.B.) was also a male, born October 10, 1951, but unlike his brother he remained well during infancy and early childhood. Measles and chickenpox were clinically mild. At approximately five years of age he began to have occasional mild episodes of bronchitis. When he was 10 and 11 years of age, he had three episodes of acute pneumonia and four more in his 13th and 14th years. A serum electrophoretic analysis at the age of 10 years reportedly showed no need for gamma globulin injections.
When he was first seen at the Duke University Medical Center in July, 1963, at the age of 11 9 / 12 years, physical measurements indicated a developmental age of only 9 % years. He had a sallow complexion and appeared chronically ill. The tympanic membranes were dull and the tonsils were of moderate size. He had a loose cough, clubbing of the fingers, increased anteroposterior diameter of the chest, a Harrison's groove and crepitant rales over the right lung field. On admission to the Clinical Research Unit for immunologic evaluation in July, 1965 (at the age of 13 9 / 12 years), chest x-ray showed a pneumonic infiltrate and atelectasis of the right middle lobe; sinus films demonstrated bilateral antral and ethmoid sinus clouding. Absolute lymphocyte counts on two occasions were 2106 and 2592/mm 3 . At bronchoscopy, purulent material was seen in the right middle lobe bronchus. Gross hematuria was associated with pneumonia on two occasions. Total serum complement activity (determined by titration using a 50 percent hemolytic endpoint) was normal both times, suggesting that the hematuria was not a manifestation of acute glomerulonephritis. The results of the immunologic studies are summarized in tables I-VI.
In December, 1965, at age 14 years, following an episode of pneumonia, chronic therapy with tetracycline was instituted and gamma globulin injections discontinued. The frequency of acute infections was significantly reduced and a growth spurt was observed in the succeeding months. Reinstitution of gamma globulin therapy did not further decrease the incidence of infection.
In April, 1967, he was admitted for removal of the right middle and lower lobes, after bronchograms had revealed no other areas with bronchiectasis. Histopathologic examination of a hilar lymph node removed at surgery revealed no evidence of lymphoma. Following surgery, he was discharged on the previous schedule of tetracycline and physical therapy, and another growth spurt was observed in the following six-month period.
Case 3
The third child (R. B.), also male, was born February 13, 1957 . He had a history of frequent but mild colds, occasional ear infections and summer hay fever since six years of age, but there was no history of pneumonia or other lower respiratory involvement. In contrast to his brothers, his exercise tolerance was normal. He had measles at two years of age without untoward incident. Serum electrophoresis, performed •when the child was six years of age, was reported to be normal.
When he was first seen at the Duke University Medical Center in July, 1963, at the age of 6 % years, his developmental age was comparable to his chronological age. The lungs were clear; otitis media was present; the tonsils were noted to be vestigial, and lymph nodes were shotty. When seen again in January, 1965, at the age of 8 years, he still had a normal developmental age but the chest had an increase in anteroposterior diameter and coarse breath sounds were heard over the right lung field.
In 
Family History
The mother of the three boys had no history of severe infections, lung disease or liver disease. She had recurrent otitis externa and reported hay fever symptoms which occurred primarily in July, August and September. There were no other siblings, nor was there a 
Methods

Measurement of Immunoglobulins
Immunoglobulins G, A and M were quantitatively measured by a modification of Mancini's single radial diffusion method [46] , using goat antisera specific for each of the human immunoglobulins and primary reference standards prepared in our laboratory. Details of the modification and reproducibility of the method, preparation of reagents and statistical analyses of normal data obtained from 201 individuals from infancy to adulthood are presented in another report [9] . Immunoglobulin measurements were usually performed within a week of collection of sera. The sera were stored at -20° and later simultaneously reanalyzed. Since the differences between the values obtained at the early and late analyses of a given serum sample did not exceed the limits of precision of the method (< ± 10 % for each of the three immunoglobulins), the data presented are values obtained from the late analyses. agglutinating, and typhoid 'O' and 'H' agglutinating antibodies were assayed by standard serological procedures [16 a] . Diphtheria and tetanus antibodies were detected by Boyden's tanned cell hemagglutination procedure [6] . Thyroid antibodies were measured by the bis-diazotized benzidine hemagglutination method of STAVITSKY and ARQUILLA [63] . The Schick test was performed with a commercial antigen. Neutralizing antibodies to polioviruses were measured at the National Communicable Disease Center in Atlanta, Georgia 1 , and polio complement-fixing antibodies were assayed by the North Carolina State Health Department 2 . Antibodies to gamma globulin were detected by hemagglutination of anti-D coated erythrocytes [28] .
Skin Tests
Immediate hypersensitivity was tested by standard scratch and intradermal techniques, using commercial antigens 3 or antigens prepared in the Allergy and Clinical Immunology Laboratory at Duke University Medical Center. Delayed hypersensitivity was assayed using a group of bacterial, viral and fungal antigens, one or more of which usually elicit responses in most normal individuals [11] .
Gm and Inv Typing
Immunoglobulin allotypes in the family were determined using an hemagglutination-inhibition test employing erythrocytes coated with various anti-D reagents of known Gm and Inv types and utilizing known positive typing antisera [28] *.
Gamma Globulin Survival
Gamma globulin fractions from R. B. and K. B., prepared from whole serum by ammonium sulfate fractionation at one-third saturation, were each labelled with m I by the iodine monochloride method of BALE et al. [3] ; a commercial gamma globulin preparation 5 was labelled with 125 I by the same method. Aliquots containing 50 /J,C were injected intramuscularly. Plasma samples were counted at one-to three-day intervals over a 17-day period using a double channel liquid scintillation spectrometer.
and Serology, Helsinki, Finland. 5 Lederle Laboratories, Pearl River, New York.
Phytohemagglutinin Stimulation of Lymphocytes
Peripheral lymphocytes were prepared from blood by sedimentation with Plasmagel, followed by passage of the white cell layers through nylon columns. The cells were cultured in the presence of phytohemagglutinin as described by HIRSCHHORN [38] , and the number of transformed cells per 100 cells examined was determined and expressed as a percent.
Histocompatibility Testing
Leukocyte typing studies were performed in the laboratory of Dr. D.B. AMOS, using the lymphocyte cytotoxicity method [1] and employing a test panel of 23 antisera.
Fluorescent Antibody Studies
Aliquots of the same specific antisera used in the radial diffusion studies were chromatographed on DEAE cellulose and selected peaks were labelled with fluorescein isothiocyanate (FITC) [13, 71] . Sections of lymph node 4 /j, in thickness were fixed in cold acetone, washed three times in phosphate-buffered saline, layered with the conjugated reagents and incubated at 37°f or 20 minutes. The slides were then washed in phosphate-buffered saline and examined under a Leitz Ortholux fluorescent microscope using a BG 12 exciter filter and a yellow barrier filter.
Results
Serum Immunoglobulins
Over a three-year period, levels of all three serum immunoglobulins in the father were normal (table I) . Levels in a single serum sample from C. B. were compatible with a diagnosis of 'agammaglobulinemia' (table I and fig. 1 ). IgG levels in the mother remained within the normal range during a four-year period, but she consistently showed a marked elevation of IgA and low or low-normal levels of IgM (table I). The IgA concentrations were measured on two-and fourfold dilutions of her serum in order to increase the accuracy of the measurement. Electrophoresis of the mother's serum on cellulose acetate did not reveal a monoclonal spike or 'M' band, indicating the IgA hyperglobulinemia was polyclonal.
Serum levels of IgG in K. B. were below normal initially, but levels of IgA and IgM were normal. During the four-year period of study, the levels of IgG gradually declined and those of IgM decreased to values well below normal. The IgA levels declined but at all times were within the normal range (table I and 2 mg/100 ml. Normal values for salivary IgA are reported by other investigators to be 6 mg/100 ml ±3 mg/100 ml [36] .
Initially in patient R. B., there was a normal level of IgG and elevated levels of the IgA and IgM fractions. There was a striking diminution in the concentrations of all three immunoglobulin fractions over the four-year period of study, so that ultimately his serum abnormality resembled that seen in the state of acquired hypogammaglobulinemia (table I and fig. 1) .
The blood type of all immediate family members was 0, Rh positive (table II) . No antibodies to 'B' cells were found in any serum samples of R. B., either prior to or after specific stimulation 6 . Patient R. B. failed to show a rise in anti-A titer after stimulation. Anti-A and anti-B titers in K. B. were both 32 and remained so following stimulation. The mother had a normal anti-A titer, 64, prior to stimulation and responded normally to stimulation with A substance [64, 65] ; however, her anti-B titer was abnormally low, 4, prior to stimulation and 8 following.stimulation with B substance [64, 65] . All titration results obtained using saline as a diluent were within one tube of the titer obtained when albumin was used as the diluent. Anti-A and anti-B titers were normal in the father prior to stimulation and rose normally following it (see table II).
Both boys and the mother were immunized with 0.1 ml of typhoid-parathypoid vaccine by three intracutaneous injections given two weeks apart. Two weeks after the last injection there were no detectable antibodies to either the 'O' or'H' antigens in a serumsample obtained from R.B. (table III) . K.B. did develop agglutinins against the 'H' antigen but none against the 'O' antigen, while the mother developed significant increases in antibodies against both antigens. The father, previously immunized, responded normally to a single injection of 0.1 ml of typhoid-parathyphoid vaccine and developed antibodies only to the 'H' antigen. A low titer of antidiphtheria antibodies was found in the serum of R. B. prior to stimulation, but only a slight rise was noted afterward ;>K. B. had no detectable antibodies to this antigen before or after stimulation. Schick tests were, nevertheless, negative in both boys, but K. B. was still receiving exogenous gamma globulin when the test was performed. 'Booster' injections of diphtheria vaccine resulted in a normal rise in titer of antidiphtheria antibodies 1 in the father and a significant, though abnormally low, rise in the mother [16] . All four members of the family responded to tetanus 'booster' injections with.a rise in antibody titer, but the titers in the two boys were lowerthan those seen in normal individuals following similar injections [16] .
Neutralizing antibody titers in the two younger boys and their mother to polio Types I, II and III, before and after 'booster' stimulation with trivalent oral poliovaccine, are shown in table IV. R. B. showed a slight but probably insignificant rise in titers of antipolio Types I and II antibodies, but not to Type III; K.B. responded significantly only to Type III; and-the mother responded with a slight but probably insignificant rise in titers of antipolio Types I and II antibodies, but did not respond to Type III. Reciprocal titers of complement-fixing antibodies were less than 8 both before and after stimulation with Salk vaccine in all three individuals.
In view of the lack of obvious improvement in the clinical condition of the-two younger boys while receiving gamma globulin therapy, their sera were tested for the presence of isoantibodies to IgG (table V) . R. B. had low titers to Gm x and Gm c factors, and K. B. had somewhat higher titers against Gm a, Gm x, and Gm c. The mother had no detectable antibodies to gamma globulin., The specificities of the isoantibodies produced in the boys correlated well with the absence of those allotypes on their own gamma globulins (table VI). ".:.
•.
To determine the presence of antithyroid 'autoantibodies', a hemagglutination test was performed [63] . These were present in the two younger boys and in their mother in low titers (table V). They were absent in the father. Abnormally low levels of heterophile antibodies were found in the two boys. Antistreptolysin-O titers were less than 100 in the boys and in their mother.
Skin Tests
Immediate type skin reactions to a large group of pollen, food, inhalent and miscellaneous antigens, including Ascaris antigen, performed by scratch and intradermal methods, were all negative in the two younger boys and in their mother. Delayed hypersensitivity was tested in the two younger boys and in their mother. K.B. had 3+ to 4+ reactions (15. to > 2 0 mm of erythema and induration) to 4 of 6 antigens; R. B. had a 2 + reaction' (10 to 15 mm) to 3 of 6 antigens, and the mother had a 2 + reaction (10 to 15 mm) to 4 of 6 antigens. Thus, delayed hypersensitivity mechanisms appeared to be functioning in all three individuals.
Gamma Globulin Survival
The studies of autologous and homologous gamma globulin survival in the two boys and in the mother showed over a period of 17 days similar and parallel slowly declining levels of gamma globulin from both sources, with no evidence of immune elimination of the homologous protein [72] .
Gamma Globulin Allotypes
The results of Gm and Inv typing of family members are presented in table VI. All members were Gm b positive. The father was Inv (1) negative, but the mother and two younger boys were Inv (1) positive. The very low immunoglobulin level of C. B. could account for the lack of detectable Inv (1) factor in his serum; therefore, a true absence of this factor cannot be concluded. The gamma globulin allotypes of two patients resembled that of the mother and the allotype of one patient resembled that of the father.
Histocompatibility Testing
' Cytotoxicity testing, with a panel of 23 typing antisera, showed that in comparison with the findings in the mother, the lymphocytes of each boy reacted with one more typing antiserum. Beyond that, the mother's cells reacted in a pattern identical with that of the boys. Conversely, three antisera in the panel which reacted with the father's cells failed to react with cells from the mother and boys, and each boy's cells reacted with two antisera which failed to react with the father's cells. Thus, the histocompatibility-typing studies indicated a closer resemblance ;of the boys' tissue antigens to those of the mother than to those of the father.
Phytohemagglutinin Stimulation of Lymphocytes
Peripheral lymphocytes from the two younger boys, cultured in the presence of phytohemagglutinin, showed 95 percent transformation to blast-like cells in each case. These responses are comparable to thoise seen in normal individuals and are very • different from the response of lymphocytes taken from individuals with impaired cellular immunity. In the latter instance, transformation is minimal in the presence of phytohemagglutinin [40, 58] .'
Bone Marrow Cytology
Examination of bone marrow aspirates taken from the two younger boys failed to reveal any plasma cells among 500 cells counted. The histology was normal otherwise except for a moderate increase in segmented neutrophils.
Fluorescence Microscopy
Unfixed, frozen, hilar nodes obtained at surgery from K. B. were sectioned and examined for the presence of immunoglobulin-containing cells. A moderate number of cells appearing to belong to the plasma cell series was detected with each specific antiserum (G, A and M), but proportionately more cells were seen with the FITC-conjugated anti-IgA than with the two other reagents. When the number of stained cells in sections from K. B.'s node was compared with the number of stained cells in sections of hilar lymph node from a young adult dyingTrorrija vascular anomaly, there were greater numbers of cells detected with all three reagents in the latter case, but proportionally more cells reacted with the FITG anti-IgG.
Other Family Studies
Immunoglobulin levels and isohemagglutinin titers were determined in nonimmediate family members who were available for study (table VII) . No immunoglobulin deficiency was detected in any of the members, but it is pertinent that IgA levels were in the upper range of normal in two maternal aunts and in the son of one of the aunts. These same two maternal aunts had low titers for both anti-A and anti-B. The cousin with the high normal IgA had asthma, shortness of stature and suffered from recurrent respiratory infections.
Discussion
The members of this family present many unusual features of immunologic deficiency both in the variable clinical manifestations and in the heterogeneity of the immunoglobulin abnormalities detected. It is surprising that an entire sibship should be affected, particularly with the absence of a positive family history for immunologic deficiency. Published reports of familial hypogammaglobulinemia have emphasized similarity in the clinical and immunologic findings of affected members of the same family [19, 23, 42, 43] . There have been no reports of acquired hypogammaglobulinemia in the same sibship with cases of congenital ' agammaglobulinemia'.
The deficiency of the oldest boy best fits the clinical descriptions of congenital 'agammaglobulinemia' [8, 31, 34] , since repeated infections began in infancy, the total and fractional immunoglobulin levels found were in the range generally described as characteristic for this entity [62] , and a serum electrophoretic analysis at seven years of age revealed low or absent gamma globulins. In addition, the marked growth retardation and extent of lung disease noted when he was first seen by us indicated that his illness was chronic. The potential role of pertussis in early infancy in accelerating and accentuating the immunologic deficiency in this boy cannot be evaluated, but recurrent infections followed that illness. Histopathological findings in his tonsils and adenoids removed at six years of age unfortunately were not available. Pharyngeal lymphoid tissue is usually minimal in the X-linked type of 'agammaglobulinemia' [51] . As in the present study, the structure of the thymus gland has almost without exception been normal in the congenital form of 'agammaglobulinemia' in which affected individuals survive beyond infancy [51] .
In contrast, the history of frequent infections in the second boy did not begin until he was about ten years of age. It is pertinent that the history of recurrent infection began prior to detectable alterations in gamma globulin concentrations. Recurrent pneumonia began at the age of ten years, but at the age of eleven years, gamma globulin levels measured by paper strip electrophoresis were reported as normal, and at the age of 11 y 2 years, the total immunoglobulin level was 735 mg/100 ml, a level well above that seen in the defined immunologic deficiency syndromes. Nevertheless, at this time he was found to have abnormalities in specific antibody response. By the age of fifteen years, his total immunoglobulins had decreased to 372 mg/100 ml, and levels of IgG and IgM were well below the normal range suggesting, as in the case of the youngest boy, an acquired immunologic abnormality. Unlike his younger brother, his tonsils were of normal size. Of the seven possible immunoglobulin deficiency phenotypes, considering only IgG, IgA and IgM, the only type heretofore undescribed is one in which IgG and IgM are decreased but IgA is normal [30] . This phenotype is exemplified by the findings in this boy and in several other children subject to recurrent infection who are reported in a study to be published [10] . As in 'agammaglobulinemia' and hypogammaglobulinemia, repeated infection is a feature in all types of selective immunoglobulin deficiency. Some individuals with isolated IgA deficiency who reportedly did not have this propensity have been described [56] but this has not been true in our experience.
The third boy also had a late onset of repeated infections which were primarily upper respiratory. When he was first seen at the age of 6 % years, his total immunoglobulin level was 1564 mg/100 ml. Nevertheless, at that time he was already subject to recurrent infection, he had absent 'B' and low 'A' isohemagglutinins, and the tonsils were vestigial. Thus, as in the second boy, propensity to infection and specific immunologic unresponsiveness preceded gross abnormalities in the immunoglobulin levels. During the four-year period of study, there was a marked diminution in all three immunoglobulin fractions, so his immunoglobulin deficiency syndrome best fits that of primary acquired hypogammaglobulinemia. In primary acquired hypogammaglobulinemia, repeated infections associated with low gamma globulins usually begin between 15 and 35 years of age [27, 31] , but a number of examples have been reported in children under 15 years of age [12, 14, 20, 31, 55] . The splenic enlargement noted in this boy is not unique: it has been observed in several other instances of hypogammaglobulinemia [15, 18, 50, 57] .
In spite of a history of hay fever in the mother and in the two younger boys, all skin tests evaluating imme-diate hypersensitivity were negative. In contrast, markedly positive immediate reactions were noted in testing the male cousin who had a high-normal level of IgA, recurrent upper and lower respiratory infections, asthma and shortness of stature. This cousin and his mother resemble somewhat the mother and son reported by HUNTLEY et al. [41] , who had IgA hyperglobulinemia, with the son also having asthma and shortness of stature. The association of allergic disorder with diseases of immunologic aberrations has been noted by several investigators [32, 33, 35, 48, 52] . IgE was detected in the serum of a child with an unusual dysgammaglobulinemia, reaginic antibody and a family history for allergy [33] but this serum protein was not examined in our patients. The normal delayed hypersensitivity reactions found in the patients in this study have been noted in many cases of congenital X-linked recessive 'agammaglobulinemia' [54] .
The findings of particular interest in this family are the familial deficiency of an antibody response to specific antigens, with near normal or elevated levels of immunoglobulins. Unresponsiveness to specific antigens has been noted in human immunologic deficiency syndromes in which levels of one or more immunoglobulins are normal, such as the Aldrich syndrome [17, 49, 68] , the Giedion and Scheidegger abnormality [29] , ataxia telangiectasia [59] , and the syndrome of BARTH et al. [4] . Abnormally low virus antibody titers have been found in individuals subject to infections but having normal or elevated levels of immunoglobulins [45] . In vitro phytohemagglutinin stimulation of peripheral blood lymphocytes from some of the mothers of boys with congenital 'agammaglobulinemia' have produced two cell populations (demonstrated by immunofluorescence), only one of which contained immunoglobulins [39] . Specific immunologic unresponsiveness or antibody deficiency of the type found in the mother and maternal aunts in the present study have not been reported in mothers of boys with congenital 'agammaglobulinemia' .
The deficiency in the ability to form specific antibodies would appear to be heritable as an X-linked characteristic in this family. Although the serum immunoglobulin abnormalities in the mother and in the three boys were dissimilar, the inheritance appears to be X-linked. The high-normal levels of IgA and low isohemagglutinins in the maternal aunts provide additional support for an X-linked mode of inheritance for both the antibody deficiency and the abnormal immunoglobulin levels in this family. One of these aunts has a son who also has a high-normal level of IgA, recurrent upper and lower respiratory tract infections, asthma and shortness of stature. The phenotypic similarity of the immunoglobulin allotypes of two of the boys and their mother indicates that these char-acteristics were also inherited from the mother. Since it appears that the Inv locus is on an autosome, however, it is doubtful that inheritance of this factor from the mother is related to the inheritance of the deficiency states [27] .
It has been suggested that mutation of a gene regulating light chain synthesis could explain the general depression of immunoglobulin synthesis in congenital 'agammaglobulinemia' [27] . A mutation of regulator genes controlling synthesis of one of the types of heavy chains has been proposed as an explanation for the selective deficiencies involving only one immunoglobulin [27] , but this would not appear applicable in those selective deficiency states where more than one immunoglobulin is deficient. A mechanism involving defective 'read-off' of the structural genes for y and a polypeptide chain synthesis has been invoked in Type I dysgammaglobulinemia and in the selective deficiency state of BARTH et al. [4] , since close linkage has been demonstrated between genes controlling synthesis of these two heavy chains in mice [37, 44] . A maturation arrest in the development of the lymphoid system has been proposed by others who postulate that the genetic defect in immunologic deficiency may be a lack of an enzyme or of a mesenchymal inducer necessary for full lymphoid system maturation [51] .
It is difficult to conceive of a way in which any of the above mechanisms could be operative in the family described in the present report, since the affected members have phenotypically different immunoglobulin alterations and the siblings have varying lymphoid structural development. Any mechanism proposed must explain: (1) an inability to produce certain specific antibodies prior to gross quantitative deficiencies in immunoglobulins; and (2) a delayed progressive decline in serum immunoglobulin concentrations in two of the members. Specific immunologic unresponsiveness has been studied in animals [5, 53, 60] , and this trait could be selected by proper matings [60] . It has been suggested that the failure to produce antibodies could be due to a failure to break down antigen or to an abnormality in the postulated recognition system at the level prior to synthesis of immunoglobulins [53] . Lymphocytes from some patients with 'agammaglobulinemia' appear capable of undergoing morphologic transformation when stimulated by PHA in vitro [16, 26, 27] but they synthesize less gamma globulin than do normal lymphocytes [2, 24, 27, 38] as well as less DNA and RNA [65] . Possible reasons proposed for this defective response include a lack of cellular replication in response to antigen or a metabolic defect in the lymphocytes [24, 65] . The cause of the increased severity of the defects with time is not apparent. It is possible that environmental influences may interact with genetic mechanisms to produce the disease states observed. Lymphoid hypoplasia and depressed capacity to form antibody have been induced in neonatal mice by repeated injections of sterile vaccines prepared from a variety of gram-positive and gram-negative bacteria [21, 22] . We can only speculate about the possible roles of repeated bacterial infections, with resultant steady release of bacterial constituents such as endotoxin, in contributing to the progressiveness and heterogeneity of the immunologic deficiencies noted in this sibship. The detection of low to absent antibodies to 'B' substance in a number of members of this family prior to immunoglobulin deficiency could be related to the undue susceptibility to infection, since it is known that a large number of bacteria have polysaccharide cell wall antigens which have antigenic determinants identical with those of the A, B, 0 blood group mucoids [61] . A genetically controlled afferent phase or recognition defect, together with secondarily induced immunologic impairment, possibly by bacterial substances or other environmental agents, could account for the variable types of immunologic abnormality seen in this family. Summary A family is described in which an entire sibship of three brothers is affected with three different types of immunologic deficiency syndromes: 'agammaglobulinemia', acquired hypogammaglobulinemia and a selective immunoglobulin deficiency in which IgG and IgM are deficient. In addition, the mother of these boys was found to have a marked polyclonal IgA hyperglobulinemia and defects in specific immunologic responsiveness. These findings provide direct evidence of genetic influence in at least some forms of acquired immunologic deficiency as well as in congenital 'agammaglobulinemia'. An afferent phase defect is felt to offer the best explanation for a single genetic mechanism of immunologic deficiency in this family.
